Dark matter is the dominant form of matter in the universe, but its nature is unknown. It is plausibly an elementary particle, perhaps the lightest supersymmetric partner of known particle species 1 . In this case, annihilation of dark matter in the halo of the Milky Way should produce γ-rays at a level which may soon be observable 2, 3 .
The detectable annihilation luminosity density at each point within a simulation is L (x) = G (particle physics, observational setup) ρ 2 (x),
where the constant G does not depend on the structure of the system but encapsulates the properties of the dark matter particle (e.g. annihilation cross-section and branching ratio into photons) as well as those of the telescope and observation. For the purposes of this Letter, we set G = 1 and give results only for the relative luminosities and detectability of the different structures. In this way, we can quote results that are independent of the particle physics model and the observational details. Figure 1 shows the distribution of annihilation radiation within our Milky Way halo as a function of the resolution used to simulate it. This plot excludes the contribution to the emission from resolved substructures. Half of the emission from the Milky Way halo is predicted to come from within 2.57 kpc and 95% from within 27.3 kpc. For the lowest resolution simulation (1835 times coarser than the largest simulation), the luminosity is clearly depressed below 3 kpc, but for the second best simulation, it converges well for r > 300 pc. Thus we infer that the largest simulation should give convergent results to r ∼ 150 pc, and that numerical resolution affects the luminosity of the main diffuse halo only at the few percent level. Note that much larger effects will be caused by the baryonic component of the Milky Way, which we neglect. This is expected to compress the inner dark matter distribution and thus to enhance its annihilation signal 14 , which would strengthen our conclusions. (See the Supplementary Information for discussion of this and related topics.)
Within 433 kpc of the halo centre, we identify 297,791 and 45,024 self-bound subhalos in our two highest resolution simulations. Many of these can be matched individually in the two simulations, allowing a crucial (and never previously attempted) test of the convergence of their internal structure. In Fig. 2 we show the results of such a test. The values inferred for V max show no systematic offsets between simulation pairs down to the smallest objects detected in the lower resolution simulation, suggesting that V max values are reliable above ∼ 1.5 km s −1 in the largest simulation. Systematic offsets are visible in each simulation at small r max , reaching 10% on a scale which decreases systematically as the resolution increases. From this, we conclude that our largest simulation produces r max values which are accurate to 10% for r max > 165 pc. Figure 1 shows that almost all the annihilation signal from a halo comes from r ≪ r max , corresponding to scales which are not well resolved for most subhalos. In the following we will therefore assume the annihilation luminosity from the diffuse component of each subhalo to be L = 1.23 G V 4 max /G 2 r max , the value expected for an object with NFW structure.
When estimating the Milky Way's annihilation luminosity from our simulations, we need to include the following components: (1) brighter than its smooth dark halo, but from the Earth's position the total boost is predicted to be only 1.9 since the substructure signal typically comes from much larger distances.
We must now consider the additional luminosity due to (sub-)substructures (SubSub).
Before a subhalo is accreted onto the main object, we assume its detailed structure to be similar to that of the main halo (including its subhalo population), but scaled down appropriately in mass and radius. (We have checked that such a scaling does indeed hold approximately for small independent objects outside the main halo.) However, once the subhalo is accreted, its outer regions are rapidly removed by tidal stripping. The longer a subhalo has been part of the main system and the closer it is to the centre, the more drastic is the stripping 17, 18 . As a result, most of the substructure associated with the subhalo is removed, while its smooth luminosity is little affected. The removed (sub-)subhalos are, in effect, transferred to components SubSm and MainUn.
A subhalo at Galactocentric distance r is typically truncated at tidal radius
We estimate its SubSub luminosity by assuming that all material beyond r t is simply removed. The remaining SubSub luminosity can then be obtained from the curves of Fig. 3 if we scale them to match the measured parameters of the subhalo (M sub , V max and r max ). We assume that the r 200 of the subhalo before accretion was
proportional to its present V max . (r 200 is indeed nearly proportional to V max for isolated halos in our simulations.) We further assume that the ratio of subhalo mass to SubSub luminosity within r t corresponds to the ratio between main halo mass and SubSm luminosity (from Fig. 3) within the scaled radius r t / f , where f = (V max /209 km s −1 ). We must also correct for the SubSub luminosity below the mass limit M min = 10 5 f 3 M ⊙ , scaling down the resolution limit of our simulation appropriately for the subhalo. The SubSub luminosity must then be boosted by a factor (M min /M lim ) 0.226 where M lim is the free-streaming mass, 10 −6 M ⊙ , in the example given above. For definiteness, we adopt M lim = 10 −6 M ⊙ in the discussion below, although none of our conclusions would change if we adopted, for example, M lim = 10 −12 M ⊙ .
We now consider the expected appearance and detectability of these various components.
The diffuse emission from the Milky Way's halo (MainSm) is distributed across the whole sky falling away smoothly from the Galactic centre. A randomly placed observer at r = 8 kpc sees half the flux within 13 degrees of the Galactic centre, most of this well outside the Galactic plane where contamination is strongest. Assuming NFW structure for individual subhalos, half the diffuse emission from each object falls within the angular radius corresponding to r half = 0.089 r max . Because of their large typical distances, these subhalos are almost uniformly distributed across the sky. The luminosity from unresolved subhalos (MainUn) is similarly distributed and will appear smooth in γ-ray sky maps, with a centre to anticentre surface brightness contrast of only 1.54. Half the luminosity from (sub-)subhalos within an individual subhalo falls within an angular radius corresponding to ∼ 0.6 r t ; this is usually much more extended than the SubSm emission from the same subhalo.
This information allows us finally to calculate the relative detectability of the various components. As argued above, the signal-to-noise for detection by an optimal filter against a bright uniform background can be written as S/N ∝ F/θ h , where F is the total flux, θ h is the angle containing half this flux and the constant of proportionality depends weakly on profile shape but strongly on the particle-physics and observational parameters (the factor G above). To account for the finite angular resolution of the observation, we replace θ h with
For example, θ psf ≃ 10 arcmin is the characteristic angular resolution of the LAT detector of the recently launched GLAST telescope at the relevant energies 19 . In reality, the background at these energies is not uniform and is relatively poorly known 20, 21 . In the Supplementary Information, we show that this is likely to reduce the detectability of the main smooth halo relative to that of subhalos by a factor up to ten compared to the numbers we quote below which are based on the simple assumption of a uniform background.
In Fig. 4 we combine data for 1000 randomly placed observers at r = angular half-light radii below 10 arcmin and so will not be resolved by GLAST; (6) will be at distances ∼ 4 kpc; and (7) will typically have SubSm and SubSub fluxes which are factors of 10 −4 and 10 −6 times lower than those of the main halo, respectively.
These conclusions differ substantially from earlier work. Very small-scale substructure (below the resolution limit of our simulations) does not affect the detectability of dark matter annihilation in the Milky Way's halo. This is true both for the smooth main halo (contradicting references 4, 5 and 22 amongst others) and for its subhalos (contradicting 6, 23 and 24). Emission should be much more easily detected from the main halo than from subhalos (contradicting 25 and 26, but in agreement with 27), even though the total flux is dominated by substructures (contradicting 28 and 29). The most easily detectable subhalo is expected to be a relatively nearby object of lower mass than any known Milky Way satellite (contradicting 23 and 25). Almost all of these differences stem from the differing spatial distribution of small-scale substructure and smooth dark matter which our simulations are able to trace reliably because of their high resolution.
The GLAST satellite is now in orbit and accumulating a γ-ray image of the whole sky. 
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vspringel@mpa-garching.mpg.de). Aq-A-5, respectively. The fluctuations at large radii are due to subhalos below our detection limit. These curves were calculated by estimating a density local to each N-body particle through a Voronoi tesselation of the full particle distribution and then summing the annihilation luminosities of individual particles in a set of logarithmically spaced spherical shells.
Note that the vertical axis is linear, so these curves demonstrate numerical convergence at the percent level in the detailed structure of our main halo down to scales below 1 kpc. This document provides supplementary information for our Letter to Nature. In particular, we detail the signal-to-noise calculation and the treatment of the background.
Optimal filter for detection
The search for γ-ray photons from dark matter annihilation is made difficult by the low photon flux received here on Earth (or in orbit for that matter), which introduces the familiar limitations of Poisson statistics. In this case, the discrimination against the background flux and other sources of noise can benefit from an optimal filter for detection.
For definiteness, let n γ (θ , φ ) describe the mean specific intensity of γ-ray photons from dark matter annihilation on the sky (i.e. photons per second, per unit area, and unit solid angle). Further, let b γ (θ , φ ) be the specific intensity of background photons. We define as expected signal the quantity
where w(θ , φ ) is a suitable filter function, τ is the observational integration time, and A eff is the effective area of the telescope. Likewise, the total expected photon count within the same filter function is
To establish the significance of the signal, we need to compare its expectation value to the dispersion of the total photon count. We define as signal-to-noise ratio the quantity
Since the arriving photons sample the signal and the background distribution as a Poisson process, we have
It is easy to show that the signal-to-noise is maximized if the filter w is chosen as
For this optimal filter, the resulting signal-to-noise is then given by
Note that if the background dominates (the regime relevant for dark matter annihilation in the Milky Way, except perhaps in the very centers of halos and subhalos), n γ can be neglected against b γ in the denominator above, and the optimal filter shape is simply proportional to the signal profile divided by the background profile. If the variation of the background over the source can be neglected, the optimal filter is just given by the signal shape. Another important consequence of background dominance is that the overall amplitude of the background drops out when the signal-to-noise of two different dark matter structures in the Milky Way is compared.
Signal-to-noise calculation for different flux components
We now calculate the optimal S/N for the different components in our Milky Way simulation model. To account for the finite angular resolution of the telescope (of order θ psf ∼ 10 arcmin for GLAST at the relevant energies), we convolve the raw infinite-resolution signal n γ with a Gaussian point-spreadfunction (PSF),
before using it to calculate the S/N with equation (6) . We have here chosen to parameterize the PSF with the angle θ psf that contains half the light, for consistency with the half-light angles we use to characterize the sources. (The angle that contains 68% of the light is larger than θ psf by a factor 1.28.) Note that smoothing allows us to continue to use the assumption of background dominance even for cuspy dark matter halos, which in the infinite resolution case can have a diverging surface brightness in their centre.
Component "SubSm", resolved subhalos
We assume that the background does not vary significantly over the angular extent of a subhalo at location α. It is then numerically straightforward first to calculate the specific intensity of a given subhalo on the sky (characterized by its total luminosity, distance, and half-light angle), then to convolve it with the Gaussian PSF, and finally to calculate its S/N with equation (6) . The result can be written as
where F = L/(4πd 2 ) is the photon flux of the source, and f SubSm (x) is a factor of order unity which depends on the detailed shape of the source. As the shape varies depending on whether the source is resolved or not, f SubSm is a function of the ratio x = θ h /θ psf of the half-light angle and the angular resolution. In the top panel of Figure 5 , we show f SubSm for projected NFW halos, our adopted model for the SubSm emission. For a source that is completely unresolved, θ h ≪ θ psf , the factor f SubSm approaches (ln 2)/2π ≃ 0.332, the value expected for a Gaussian signal. Note however that the overall variation of f SubSm between unresolved and well resolved subhalos is very modest, and at most a factor ∼ 2.
Component "SubSub", substructures in subhalos
As we have shown in this Letter, the radial distribution of substructure is strongly antibiased with respect to the mass of the parent halo. This in turn applies to (sub-)substructure within a subhalo. An immediate consequence is that the surface brightness profile of (sub-)substructure is much more extended than that of the parent subhalo, and unlike that of the parent halo it is strongly affected by tidal truncation and the associated mass loss in the outer parts of the halo. Figure 6 , which shows the azimuthally averaged surface bright- ness profile we adopt for typical V max = 10 km s −1 subhalos at various distances from the Galactic centre and so with different tidal radii r t . Each profile is split into the contribution from smooth DM (SubSm) and from (sub-)substructures (SubSub). Interestingly, the substructure surface brightness is nearly constant in projection. This remains the case when the halo is sharply tidally truncated at progressively smaller radii. The tidal truncation results in the loss of substructures so that the total SubSub luminosity declines strongly, yet the shape of the luminosity profile remains remarkably flat and can be approximated as a disk on the sky that becomes progressively fainter and smaller. In contrast, the total SubSm luminosity is little affected by tidal truncation and the main systematic effect with Galactocentric distance is that subhalos of given mass become more concentrated with decreasing Galacto-centric distance, thus enhancing their SubSm luminosity.
We illustrate this qualitatively very different behaviour in
For the purposes of calculating the signal-to-noise of the SubSub component, we assume that its surface brightness profile can be modelled as a uniform disk, subject to the smoothing of the finite angular resolution of the telescope. Again, we can write the resulting signal-to-noise in the generic form
where F = L/(4πd 2 ) is the photon flux of the component, and θ h is its half-light radius. In the bottom panel of Figure 5 , we show the variation of f SubSub with angular resolution. The factor f SubSub varies smoothly between the value (ln 2)/2π ≃ 0.332 expected for an unresolved source, to the value 1/ √ 2π ≃ 0.399 expected for a well resolved disk-like component.
Component "MainSm", smooth main halo
The main halo's half-light angle of 13 degrees for the diffuse emission is resolved well with GLAST, but as our simulated emission maps have in principle higher resolution, we also smooth them with the PSF before calculating the S/N, for consistency. For definiteness we also average the main halo's diffuse emission in angular rings around the Galactic centre, and for 25 random observer positions. We note however that the dispersion arising from different observer viewpoints and orientations of the galactic plane assumed within the simulated halo is quite small.
A problematic point for the detection of the diffuse emission is the strong and variable background from other Galactic γ-ray emission, resulting mostly from the interaction of cosmic rays with the interstellar gas and from inverse Compton upscattering by electrons. A considerable body of literature is concerned with modelling the background and explaining the spectra observed with EGRET, in particular. The best predictions for the Galactic diffuse γ-ray background are obtained with complex codes like GALPROP [31], which treat CR interactions and propagation in the Galaxy in detail. However, the modelling uncertainties are still substantial, so we consider a few limiting cases for the spatial variation of the background.
First, let us examine the constant background case. Then the S/N of the MainSm component can be written as
where we find f MainSm ≃ 0.498 from our simulation.
For a variable background, we consider three models, a simple analytic parameterization given by [8] , of the form
for |l| < 30 o (11) where −180 o < l ≤ 180 o and −90 o < b ≤ 90 o are Galactic coordinates, and two γ-ray maps for the background calculated with the GALPROP code for propagation and interaction of cosmic rays in the Galaxy. The two GALPROP maps are the 'conventional' and 'optimized' models for Galactic γ-ray emission, as described by Strong et al. [31] . We show all-sky maps of these The lower set of solid lines gives the surface brightness profile of all (sub-)substructure emission (component SubSub) in the subhalo, extrapolated down to 10 −6 M ⊙ , while the dotted lines show the total profile. Note that the central surface brightness of the smooth emission as well as its total luminosity actually increase nearer to the centre of the main halo, because subhalos of equal V max are on average more concentrated at smaller distances. On the other hand, the (sub-)substructure emission has a very different, nearly flat surface brightness profile, because most substructures are located in the outer parts of the subhalo. As a result, tidal truncation strongly reduces the luminosity of this component and leads to a decline of the SubSub surface brightness for smaller distances. three background models in Figure 7 .
The optimal filter will automatically down-weight the signal where the background is high, so in principle the S/N can be directly calculated with these background maps over the whole sky. For this perhaps optimistic approach, we can again write Way. The top panel shows an all-sky map of a simple analytic background model given in [8] , while the middle and bottom panels show background models both for the 'conventional' and 'optimized' GALPROP models of ref. 31 , where the optimized model has been tuned to approximately reproduce the observed EGRET spectrum. For the maps, the analytic model and the conventional GALPROP model have been normalized to their mean background over the whole sky. The optimized model is normalized to the mean value of the conventional model, to illustrate its slightly elevated overall background level.
the S/N as
where now b γ is the background averaged over the whole sky. We obtain f MainSm = 0.183 for the background model of equation (11), f MainSm = 0.205 for the conventional GALPROP map, and f MainSm = 0.198 for the optimized GALPROP map. The differences between the background models are hence quite small, and the S/N coefficient reduces approximately by a factor ∼ 2.5−2.8 compared with the more favorable constant background. If the background is averaged only over the high latitude sky (say for b > 10 o ) to account for the fact that most subhalos reside there, the S/N prefactor reduces further by a factor 1.3 for the analytic model, and by 1.6 for the GALPROP maps.
Note that the S/N of subhalos will in general also change for a variable background, depending on their position; the majority will slightly increase their relative S/N as they are located at positions where the background lies below the sky-averaged background, while for the others the relative S/N will decrease. This effectively broadens the S/N distribution of subhalos relative to the S/N of the main halo.
However, the above approach of integrating over the whole sky is probably too optimistic in reality, as the background is not known very accurately close to the Galactic center and close to the disk. A more conservative approach may therefore be to cut out this region entirely, for example by excluding the region 5 degrees above and below the Galactic plane. This |b| < 5 o cut disregards a bit less than 10% of the sky, but since the main halo's emission is highly concentrated towards the centre, the impact on the S/N will be larger. We find that the coefficient f MainSm drops by a factor 2.04 in this case when the analytic background model given in equation (11) is used. If the cut is enlarged to exclude |b| < 10 o instead, the drop is instead a factor of 3.00. For the GALPROP models, the corresponding changes are slightly smaller; for the |b| < 5 o cut, they evaluate to factors of 1.53 and 1.44 for the conventional and optimized models, respectively, while for the |b| < 10 o cut the numbers are 2.21 and 2.10, respectively.
Component "MainUn", unresolved subhalos
As we have seen in the Letter, an extrapolation of the simulated substructure mass spectrum down to 10 −6 M ⊙ suggests that the cumulative luminosity of all substructures in fact dominates the total emission of the Milky Way as seen by a distant observer, being larger by a factor ∼ 232 than the main halo's diffuse luminosity within a radius of 246 kpc. However, most of these substructures are much further from the Sun than the Galactic centre, so the total substructure flux received on Earth is only a factor 1.9 larger than that from the smooth main halo.
We expect this total substructure flux to be nearly uniformly distributed over the sky, which will make it hard to detect in practice. To obtain a model for this distribution, we first construct a map of the flux of all resolved substructures, each of them represented by the sum of their SubSm and SubSub luminosities, the latter estimated as described in the Letter. In total, the SubSub luminosity assigned to the subhalos corresponds to 4.9 times the total SubSm luminosity, most of it in objects at R > 20 kpc. We then still miss the luminosity from independent subhalos below our mass resolution limit, as well as from their (sub-)substructure, which is the component MainUn. Based on our extrapolation of the total substructure luminosity within r 200 as a function of mass resolution, we know that this raises the total luminosity contributed by substructures (SubSm + SubSub + MainUn) to 232 times the main halo's luminosity (MainSm), with a radial luminosity distribution that is self-similar to that of all resolved subhalos.
If we assume that the halo is spherically symmetric, we can use an analytic fit to the radial luminosity distribution of resolved substructures to calculate the surface brightness of the MainUn component over the sky. We then find that it contributes 85.7 times as much flux in total as the resolved subhalos and their (sub-)substructures (SubSm+SubSub), and nearly 1.9 times as much flux as the main halo (MainSm), but it has a maximum contrast of only 1.54 between Galactic center and anticenter. We caution however that small distortions in the halo shape in its outer parts could easily overwhelm this small contrast, so that one should not expect this gradient to be detectable in practice. In fact it is probably not even guaranteed that the center will be the brightest direction. Another plausible model for distributing the MainUn component is to assume that it is strictly proportional to the sum of the SubSm and SubSub components, but very heavily smoothed due to the huge number of unresolved substructures. For a smoothing of 30 degrees, the contrast between Galactic center and anticenter varies with observer position and is typically a factor 1.3 -2.0, but there are fluctuations in other parts of the sky that are of similar amplitude.
In practice, it will be impossible to separate the MainUn component from DM annhihilation in more distant objects. We therefore exclude this component from our analysis in the Letter (see also below).
Ratios of S/N for different components
As is evident from the above expressions, the observation time and telescope aperture always drop out in ratios of different S/N values. Likewise, these ratios are invariant under a multiplicative factor for the background over the whole sky, provided the background stays sufficiently large that it dominates everywhere. Also, to the extent that the spectrum of the background is independent of direction, the spectral energy distribution of the annihilation radiation is unimportant for S/N ratios. Our analysis in the Letter is based on these simplifying assumptions, which allow quite general, and, we believe, robust statements about the relative detectability of different dark matter components in the Milky Way.
Note again that the near constancy of component MainUn over the sky will make it very difficult to tell it apart from the truly extragalactic background (both from annihilating dark matter and from other sources such as AGN), which has a level that is unknown. The component MainUn would have to be distinguished from the extragalactic background by a characteristic spectral signature or by its weak gradient across the sky. The former is (particle physics) model-dependent, while the latter will be difficult unless the Galactic component is dominant. For this reason, we consider that the main halo smooth component, with its strong gradient and higher mean surface brightness, is more likely to be detectable even if its total flux is somewhat lower.
For illustration, Figure 8 shows all-sky maps of the surface brightness distributions of the different emission components of the dark matter annihilation signals considered above. The top left panel gives the azimuthally averaged main halo's diffuse emission. In the top right panel, the total emission from resolved subhalos is shown. For simplicity and better visibility in the reproduction of the map, we represent each subhalo as a point source that is smoothed with a Gaussian beam of 40 arcmin, assigning to them the sum of the corresponding SubSm and SubSub emission. In the bottom left, we show the rather smooth emission of the component MainUn, assuming a spherical halo. Finally, the bottom right panel gives the sum of all components.
Uncertainties

Systematic and random errors
Our analysis of the signal-to-noise ratios assumed an accurate knowledge of the background level, so that it is only affected by random errors, in which case our simple treatment is appropriate. However, in reality background estimates have a substantial systematic uncertainty, which is perhaps as large as the difference between the 'conventional' and 'optimized' GALPROP models. This introduces systematic uncertainties that require an elaborate statistical analysis based on a multi-dimensional maximum likelihood treatment. This is clearly beyond the scope of the present study, but will certainly become part of the data analysis of the GLAST satellite (see also [3] ).
Known versus unknown locations
For simplicity, we have also neglected in our analysis the differences in the required effective detection threshold between sources at known and unknown locations. The small dark matter substructures with the highest S/N for detection should correspond to truly dark subhalos without any stars; hence their location is initially unknown. As there are of order 5 × 10 5 resolution elements of (10 arcmin) 2 on the sky, one would expect about 640 fluctuations above 3 σ just from Gaussian statistics. One therefore has to detect a dark subhalo at unknown location at least with 5 σ significance before it may qualify as a potential detection, while for a dwarf satellite at known location, as well as for the main halo, a less conservative threshold of 3 σ may be assumed. The luminosities assigned to each subhalo include their contribution for all unresolved (sub-)substructure. For simplicity and for better graphical reproduction they have been represented as point sources that were smoothed with a Gaussian beam of 40 arcmin. The bottom left panel gives the expected surface brightness from all unresolved subhalos down to the free streaming limit, assuming a spherically symmetric halo. This is a very smooth component over the sky that dominates the total flux (its integrated flux is nearly 1.9 times the integrated flux from the main halo). Finally, the bottom right panel shows the total surface brightness from all components together. All maps show the surface brightness in units of the main halo's diffuse emission, and use the same mapping to color scale, except for the map of the resolved substructures, where the scale extends to considerably fainter surface brightness.
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Effects of baryons
In our high-resolution simulations of a Milky Way like halo, we have neglected the effects of baryons on the growth of dark matter structures. While the dark matter dominance of the known dwarf satellites suggests that this approximation should be quite accurate for the dark matter subhalos, the central dark matter cusp of the main halo is likely modified by baryonic physics.
Most authors (but not all) argue that baryonic infall due to radiative cooling and disk formation leads to an adiabatic compression of the halo, which would enhance the smooth main halo emission relative to the other components we discuss, thus strengthening our conclusions. A comparably large variation comes from the scatter in concentration predicted among different realizations of halos of Milky Way mass [32] . The halo we analyze here is approximately a 1 σ deviation towards high concentrations in the expected distribution, while the 'Via Lactea' simulations [13, 33] are 1-1.5 σ deviations in the opposite sense. Since baryons are generically expected to increase halo concentration, it seems appropriate to analyze a halo that lies on the high side of the concentration distribution.
There have been suggestions in the literature that central dark matter cusps could perhaps be destroyed by dynamical processes such as stellar bars, supermassive black hole binaries, or rapid baryonic outflows from explosive feedback events. We note however that each of these scenarios for cusp removal is debated and discussed with conflicting numerical results in the literature, while the effect of adiabatic compression is found robustly in cosmological simulations with radiative cooling.
We also note that our conclusions do not rely on the dark matter distribution in the inner few degrees, where additional baryonic effects may play a role, for example a steepening of the dark matter cusp around the supermassive black hole at the Galactic centre [34, 35] . As we have shown above, the S/N for detection of the main halo drops only by a small factor if this uncertain region around the Galactic centre is excluded.
Energy dependence
An important problem in obtaining conclusive evidence for DM annihilation is to distinguish the signal from other astrophysical sources. For spatially resolved sources, the profile of the radiation on the sky can provide such a discrimination if it can be shown that the signal matches the theoretically expected dark matter distribution. This should be promising for the smoothly varying emission from the main halo of the Galaxy, especially if it is combined with the spectral information obtained from the energy distribution of the detected photons. The expected spectral shape of the radiation from dark matter annihilation has a characteristic form with a sharp cut-off near the mass of the dark matter particle, which is difficult to arrange with other astrophysical sources. Also, the peak of the annihilation spectrum typically lies at considerable higher energy in most SUSY models than the peak in the Galactic diffuse γ-ray background, which should further help in the discrimination.
If dark matter substructures are detected by GLAST, we expect them to be poorly resolved at best, so that their surface brightness profile will be of little help to identify them as a dark matter signal. Here the background uncertainty is less of a concern, but the signal must be distinguished from other astrophysical (point) sources. Again, a multiwavelength approach and the exploitation of spectral features [36, 37, 38] of the DM annihilation appears as a highly promising way to convincingly identify the origin of the signal.
